Abstract. At the center of the Milky Way, with a distance of ∼8 kpc, the compact source Sagittarius A* (SgrA*) can be associated with a super massive black hole of ∼4×10
Introduction
The investigation of the dynamics of stars has provided compelling evidence for the existence of a super-massive black hole (SMBH) at the center of the Milky Way. At a distance of only ∼8 kpc a SMBH of ∼4×10 6 M ⊙ can convincingly be identified with the compact radio and infrared source Sagittarius A* (Sgr A*) (Eckart & Genzel 1996 , Genzel et al. 1997 , Ghez et al. 1998 , 2004ab, 2005 , Eisenhauer et al. 2003 . Due to its proximity Sgr A* provides us with a unique opportunity to understand the physics of super massive black holes at the nuclei of galaxies.
Studies of the variable polarized NIR emission and simultaneous radio/NIR/X-ray observations of SgrA* are ideally suited to obtain deep insights into the relativistic physics within 10-100 Schwarzschild radii of the SMBH associated with SgrA*. In the following, we assume for Sgr A* R s =2R g =2GM/c 2 ∼8 µas, with R s being one Schwarzschild radius and R g the gravitational radius of the SMBH.
Sgr A* is remarkably faint in all wavebands, challenging current theories of matter accretion and radiation surrounding SMBHs. The feeble emission (< 10 −9 of the Eddington rate) is due to a combination of a low accretion rate with a low radiation efficiency. Theoretical interpretations at present focus on radiatively inefficient accretion flow and jet models. For a recent summary of accretion models and variable accretion of stellar winds onto Sgr A* see Yuan (2006) and Cuadra & Nayakshin (2006) and the references in these papers.
The first successful simultaneous NIR/X-ray campaigns combined NACO and Chandra as well as mostly quasi-simultaneous mm-data from BIMA, SMA, and VLA (Eckart et al. 2004 . The NIR/X-ray variability is probably also linked to the variability at radio through sub-millimeter wavelengths showing that variations occur on time scales from hours to years (Bower et From their measurements they deduce an accretion rate that does not vary by more than 25% and -depending on the equipartition constraints and the magnetic field configuration -amounts to 2×10 −5 to 2×10 −7 M ⊙ yr −1 . The mean intrinsic position angle of the measured polarization is 167 • ±7 • with variations of ∼31 • that must originate in the sub-millimeter photosphere of SgrA*.
Here, we present mm-and sub-mm-data that have been obtained using CARMA 1 , ATCA 2 and the MAMBO bolometer at the IRAM 3 30m telescope during a coordinated, multi wavelength observing campaign of SgrA* in May 2007. .
Observations and Data Reduction
Interferometric observations in the mm/sub-mm wavelength domain are especially well suited to separate the flux density contribution of SgrA* from the thermal emission of the Circum Nuclear Disk (a ring-like structure of gas and dust surrounding the Galactic Center at a distance of about 1.5-4 pc, see, e.g., Güsten et al. 1987 or Christopher et al. 2005) .
In May 2007, global coordinated multi-wavelength observations were carried out in the NIR and mm regimes to study the variability of Sgr A*. We observed the galactic center at 100 and 86 GHz (3 mm wavelength) with the two mm-arrays CARMA and ATCA. In addition we observed with the MAMBO 2 bolometer at the IRAM 30 m-telescope at a wavelength of 1.3 mm. CARMA (Combined Array for Research in mm-wave Astronomy) is located in Cedar Flat, Eastern California, and consists of 15 antennas (6 x 10.4 m and 9 x 6.1 m ). The Australia Telescope Compact Array (ATCA), at the Paul Wild Observatory, is an array of 6 22-m telescopes located in Australia, about 25 km west of the town of Narrabri in rural NSW (about 500 km north-west of Sydney). The interferometer data were mapped using the Miriad interferometric data reduction package.
The Max-Planck Millimeter Bolometer (MAMBO 2) array is installed at the IRAM 30m telescope on Pico Veleta, Spain. The 37 channel array of the precursor instrument MAMBO has been successfully used by many observers since the end of 1998. Winter 2001/2002 was the first season of the new MAMBO-2 version with 117 pixels. The 37 channel MAMBO is used at the 30 m telescope as a backup system now. Both systems work at 1.2 mm wavelength and have a He-3 fridge to operate the bolometers at a temperature of 300 mK. The bolometer data was reduced using the bolometer array data reduction, analysis, and handling software package, the BoA (Bolometer Data Analysis). In order to correct for extended flux contributions in the interferometer data we subtracted the mean visibility trend from each individual visibility. The visibilities had been calibrated via intermittent flux reference observations. We attribute the residual flux density dips/excesses to 1 Support for CARMA construction was derived from the states of California, Illinois, and Maryland, the Gordon and Betty Moore Foundation, the Kenneth T. and Eileen L. Norris Foundation, the Associates of the California Institute of Technology, and the National Science Foundation. Ongoing CARMA development and operations are supported by the National Science Foundation under a cooperative agreement, and by the CARMA partner universities. 2 ATCA is operated by the Australia Telescope National Facility, a division of CSIRO, which also includes the ATNF Headquarters at Marsfield in Sydney, the Parkes Observatory and the Mopra Observatory near Coonabarabran. 3 The IRAM 30m millimeter telescope is operated by the Institute for Radioastronomy at millimeter wavelengths -Granada, Spain, and Grenoble, France. variations in the intrinsice flux density of SgrA*. The combined light curve from all telescopes is shown in Fig. 1 . Here we can combine the data from different frequencies under the assumption that the spectral index of SgrA* does not change significantly during the flux density variations between 86 and 250 GHz. In this case the flux density variations are frequency independent. The light curve in Fig. 1 shows two peaks, on May 15 and 17 (There is a weaker, third possible peak on May 19). In Fig. 1 we also show the daily flux density averages of the 7 mm VLBA observations that were conducted in parallel. The VLBA data follow the overall shape of the combined CARMA/ATCA/30m lightcurve very well. In Fig. 2 we show residual maps from the four individual tracks obtained with the CARMA array. These maps were computed by subtracting the mean of all 4 maps from the maps of the individual epochs. This procedure clearly reveals the excess flux density detected on May 17. The first NIR flare detected during the multi-wavelength campaign (see also Eckart et al. Figure 2 . Difference maps at 3 mm of a 40 ′′ diameter region centered on Sgr A*, obtained from the difference between full synthesis maps of the individual days of CAMRMA observations and the full CARMA data set as described in the text. The figure shows that the flux density variations that are evident from the differential light curves (see Fig. 1 ) can also be seen in the maps constructed from the corresponding data. However, a plasma component expanding within a relativistic orbit or polarized quasi-periodic emission due to a helical jet structure (Eckart et al. 2004 (Eckart et al. , 2005 ) cannot be fully excluded yet. Future measurements will concentrate on monitoring the flux density variability of SgrA* in coordinated campaigns (radio/mm/MIR/X-ray) and in polarized radio/NIR emission. NIR telescopes with large aperturtes (VLT, Keck, LBT, TNT) will be best suited to separate SgrA* especially during faint phases from the surrounding high velocity stars. Similarly, mminterferometers like the PdBI, CARMA, ATCA, and, in future, ALMA can separate SgrA* from the thermal emission of the CND and the mini-spiral. Therefore, the combination of these observing facilities will allow us to study the evolution of expanding synchrotron components.
With near future mm-VLBI at frequencies at and above 230 GHz, the imaging of the central region of SgrA* will become possible, allowing to map out the structure of SgrA* on spatial scales of only a few gravitational radii (Doeleman et al. 2008 ). By this it should be possible to directly test the hypothesis of spiraling plasmons or density waves in the accretion disk.
